removal of posterior elements (Mr Bernard Harries) . Tetraparesis later recurred and was progressive, though relieved temporarily by a period of head traction. The patient was finally unable to walk and had severe impairment of function of the upper limbs. Fusion by the transpbaryngeal route was done in March 1966. The severe kyphosis made it easy to insert struts of cortical bone between the fourth and fifth vertebrae below and the atlas above. Cancellous bone was laid between the struts. Progress was uneventful, and after a period in the 'halo' apparatus firm fusion was achieved. There was steady improvement in the power and control of all four limbs, so that the patient was able to walk and use his upper limbs. The signs of long tract affection never wholly disappeared.
Summary
Fusion of the upper cervical spine by the transpharyngeal route is a valuable alternative to the posterior operation. Its use should probably be restricted to cases in which there is a clear indication for avoiding the posterior route. Most spinal movement occurs in the neck and the low back, hence these areas are most prone to mechanical derangement. Modern transport has brought a great increase in neck injuries.
Studies of the normal range of movement of the cervical spine have shown that extension is greater than flexion at C6-7 and C7-T1, whereas the reverse is true at all other levels and maximum total movement occurs at C4-5. Flexion injuries are therefore most frequent at C6-7 and C7-T1 and extension injuries at C2-3, 5-6 and 3-4. The long, lean neck is more prone to significant injury and to the development of symptomatic degenerative changes than the short muscular bull neck.
The most important point to emphasize is that few patients with mechanical disorders of the cervical spine require operation. Most that do have had a significant injury and all should first have full conservative treatment. Pain constantly recurring in the same area, wiith the same radiation, aggravated by activity, coughing and sneezing, and improved by splinting, collar, traction and rest, indicates a mechanical type of pain which, if severe and persistent, will very likely be relieved by surgery. The physical signs should be constant on repeated examination; these include a tendency for movement always to be limited in a particular direction, for spasm and tenderness to be persistent in the same areas, with definite interspinous tenderness and localizing neurological lesions.
Myelography is useful but may be misleading. Discography, if properly carried out, is valuable in determining the level. It must be done with an image intensifier and with the full co-operation of the patient. Under local anesthesia needles are placed accurately in the nucleus pulposus and saline injected at least twice at each level before using contrast medium (Butt 1963 (Butt , 1966 .
The operative technique must allow adequate removal of the disc with decompression of the nerve root. It should also give rigid immobilization of the painful segment and ideally some distraction at this level. Three commonly used operative techniques are those of Robinson (Robinson & Smith 1955) , Cloward (1958 Cloward ( , 1959 and Bayley & Badgley (1960). We do not, however, believe that the dowel (Cloward) type of graft gives maximum rigidity in side-to-side strain nor permits as much distraction as the keystone type of graft which we now use. Also when two levels have to be fused this latter type of graft can be extended through the intervening vertebra. The slot in the vertebral body is cut with a special shouldered chisel which limits the depth of penetration. To give maximum stability the keystone graft should be placed as close as possible to the posterior part of the vertebral body.
At the Toronto East General and Orthopedic Hospital anterior cervical spinal fusion was first used in April 1959 and since then approximately 175 patients have been operated on. The first 84 cases, to December 1966, have been analysed and been followed up for at least one year, the maximum period being 81 years and the average 31 months. In 17 cases the Cloward method was used, and in 68 the keystone type of graft. There were only 3 cases of non-union, all by the dowel method, and 2 ejections of the graft, one following the Cloward technique and one of a keystone graft. The latter occurred about one week post-operatively when the patient fell and hit her head.
There has been no wound infection, no involvement of the major neck vessels and no operative mortality. Nor has there been any involvement of the recurrent laryngeal nerve, perforation of the oesophagus or trachea, nor any incidence of mediastinitis or pneumothorax.
When, in spite of satisfactory fusion, there have been continued symptoms we believe this has been due either to failure to select the correct site for fusion or to subsequent symptoms arising from previously asymptomatic degenerated discs at other levels. In our earlier cases, during the first six years, discography was carried out under general anasthesia at the time of operation; since the discography has been done under local anresthesia the accuracy and therefore the results have been much better.
We have had no pseudarthroses when using the keystone graft, and only 3-4 % when using the dowel type. This compares very favourably with other reported series which show 15% for one-level fusions, 21 % for two-and 46 % for three-level.
We believe that the high fusion rate using the keystone technique is due to the type of graft, its method of seating, depth of penetration and wide surface area, and that cancellous bone is in contact with the graft both above and below.
